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Long thought to be potassium channels with calming influence quietly working away in the background, in
this issue of Neuron, Thomas et al. demonstrate that K2P2.1 (TREK-1) channels have two endogenous iso-
forms due to amechanism called alternative translation initiation (ATI). Hence, they can actually be excitable.Two-pore-domain K+ channels, or 2P
channels, are part of the background (or
leak) conductance and determine the
resting membrane potential. Despite their
quiet contributions in a barely noticeable
manner, 2P channels are odd. Whereas
nearly all of the K+ channels are tetramers
with each channel-forming subunit con-
taining just one P loop that constitutes
the pore region, 2P channels are dimers
with each subunit containing two P loops.
They are resistant to most K channel
blockers, including TEA and 4-AP, but
hypoxia inhibits at least some members
of the 2P channel family. Moreover,
many of them are activated by volatile
anesthetics, including halothane, which
have little effect on most other ion chan-
nels (Honore, 2007). In this issue of Neu-
ron, Thomas et al. describe another bi-
zarre property of a 2P channel. They find
that the TREK-1 (or K2P2.1) channel has
a naturally occurring isoform, K2P2.1D1-
56, that lacks the first 56 residues. Sur-
prisingly, this isoform is permeable not
only to K+ but also to Na+. In other words,
the inhibitory TREK-1 potassium channel
that usually tranquilizes the neurons has
just become a sodium-permeable chan-
nel that now acts to excite them (Thomas
et al., 2008).
KCNK2, the gene encoding K2P2.1, can
generate either full-length or K2P2.1D1-56
via alternative translation initiation (ATI),
a mechanism which increases protein di-
versity by giving rise to two or more pro-
teins froma singlemRNAstrand (Figure 1).
In eukaryotic cells, the ribosome attaches
to the 50 cap of the mRNA and proceeds
to scan downstream until it reaches an ini-
tiation codon (AUG). In many cases, this
start codon is flanked by a Kozak consen-
sus sequence with the third nucleotide
base (3) upstream from AUG being a
purine (A or G) and a guanine right after
the AUG (+4). In this circumstance, trans-
lation initiation starts at the first cap-prox-
imal AUG. However, if the first AUG is
within a weak sequence context, the ribo-
some might read through the first AUG
without initiating translation and continue
scanning the mRNA until it comes across
the next AUG and initiate translation
there. In KCNK2, cytosines take the place
of both the3 purine and +4 guanine, and
consequently, translation may be alterna-
tively initiated at the second AUG, lead-
ing to the production of K2P2.1D1-56
channels.
What is most remarkable is that the
K2P2.1D1-56 channels are permeable to
Na+ as well as K+. How might K+ selectiv-
ity be lost by deleting the N terminus,
which is far from the selectivity filter? K+
selectivity is fundamental to K+ channels.
For decades, scientists have applied var-
ious methods to study how K+ channels
select K+ over the smaller Na+, yet provide
a high permeation rate for K+ ions that
approaches the rate of free diffusion. Mu-
tagenesis and crystallographic studies
have demonstrated that the selectivity fil-
ter is formed by the K+ channel signature
sequence, TXGYG, which resides on the
P loop in the heart of the channel’s pore
domain. The oxygen atoms from the car-
bonyl backbone of the K+ channel signa-
ture sequence are coordinated in a man-
ner similar to the hydration shell of a K+
ion, thus serving as surrogates for the wa-
ter molecules and lowering the energy
barrier for the K+ ions passing through
the hydrophobic lipid bilayer. These oxy-
gen atoms are not positioned to facilitate
Na+ ion dehydration, hence Na+ ions are
excluded from entering the pore (Gouaux
and MacKinnon, 2005). The signature se-
quences of both full-length and K2P2.1D1-
56 channels are unaltered; however,
without the cytoplasmic N terminus,
K2P2.1D1-56 channels becomepermeable
to sodium. How come?
In the absence of crystal structures for
either the full-length or the N-terminal
truncated K2P2.1 channels, we will con-
sider existing data that suggest that K+
selectivity and permeability do not entirely
rest on the selectivity filter. For example,
a semisynthetic KcsA channel with
a nearly unaltered selectivity filter (as re-
vealed by crystallography) can conduct
Na+ and exhibit anomalous mole fraction
behavior (Valiyaveetil et al., 2006). More-
over, electrostatic interactions between
ions in the channel pore and the central
cavity outside of the selectivity filter re-
store K+ selectivity to a mutant G pro-
tein-gated inwardly rectifying K+ channel
(GIRK) (Bichet et al., 2006; Grabe et al.,
2006). Here, Thomas et al. show an anom-
alous mole fraction effect, indicating that
deletion of the cytoplasmic N terminus of
the TREK1 channel renders the filter con-
currently permeable to Na+ and K+ and
therefore allows for competition between
these two ion species. Interestingly, the
P2X7 channel also links its selectivity filter
to its cytoplasmic tail. The selectivity filter
of the P2X7 channel shows a time-depen-
dent dilation, suggesting that the selectiv-
ity filter itself is a dynamic structure. Fur-
thermore, truncating the C terminus of
the P2X7 channel abolishes the change
in ion selectivity, which echoes Thomas
and colleagues’ findings in the K2P2.1
channels. (Thomas et al., 2008; Khakh
and Lester, 1999).
This paper also shows that both the
full-length and the N-terminal truncated
isoforms have distinct spatiotemporal
distribution in the central nervous system.
The full-length K2P2.1 channel is themajorNeuron 58, June 26, 2008 ª2008 Elsevier Inc. 823
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PreviewsFigure 1. K2P2.1 Channel May Be Inhibitory or Excitatory, Depending at which Start Codon
Translation Is Initiated
The first start codon (AUG) at K2P2.1 mRNA is flanked by a weak translation initiation sequence (CUC).
Ribosome may initiate translation at this site and yield a full-length K2P2.1 channel. Alternatively, a ribo-
some may skim over the first start codon until it comes across the second (AUG) flanked by a stronger
translation initiation sequence (GUU) and generates an N-terminal truncated K2P2.1D1-56 channel. The
full-length K2P2.1 channel is highly selective for K
+ and hyperpolarizes the neurons. In contrast, the
K2P2.1D1-56 channel permeates both K
+ and Na+ and thus excites the neurons. The blue and orange
spheres depict the first (M1) and second (M57) methionine residues in the N terminus of the K2P2.1
channels.form in the adult brain, while the truncated
K2P2.1D1-56 channel is predominately
expressed in neonates but absent in adult
cerebellum and spinal cord. Thomas and
colleagues explore the potential physio-
logical significance of this differential
expression by transfecting cultured
hippocampal neurons with assorted
K2P2.1 channel isoforms. Because the
K2P2.1D1-56 channel is sodium perme-
able, it may represent another molecular
candidate for the background sodium
conductance in certain brain regions,
such as the cortex or hypothalamus.
This finding may provide an alternative
explanation for the gradual hyperpolariza-
tion of the neuronal resting membrane
potential during development (Tyzio
et al., 2003). Interestingly, unlike most
other K+ channels, K2P2.1 channel over-
expression has a modest effect on input
resistance, yet is still able to modulate
the resting membrane potential in cul-
tured hippocampal neurons. This result
implies that the functional K2P2.1 channel
density on the plasmamembrane is under824 Neuron 58, June 26, 2008 ª2008 Elsevier Inc.tight control, either at the level of protein
expression or trafficking. Nonetheless, it
is still unclear whether the endogenous
K2P2.1D1-56 channel has a physiological
role in vivo. The authors have provided
biochemical evidence showing the exis-
tence of this truncated form in the brain,
but additional functional data are needed
to verify the importance of this channel
to neuronal function. Without the benefit
of specific blockers, minuscule currents
like endogenous K2P currents are ex-
tremely difficult to isolate, making K2P cur-
rents more challenging to study in endog-
enous tissues, including neurons. A
knockin strategy has great potential. For
instance, substitution of the endogenous
gene with an engineered KCNK2 gene
containing a strong KOZAK sequence
and just one translation initiation site (ei-
ther the first or the second potential start
site) could prove whether a switch in neu-
ronal excitability is due to ATI of K2P2.1
channel in vivo.
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